PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 

International Bureau 




Al 



INTER NATIONAL APPLICATIO N PUBLISH ED UNDER THE PATENT COOPERATION TREATY (PCT) 
(51) International Patent Classification 7 : 

A61F 2/06, 2/24 



(11) International Publication Number: WO 00/15148 

(43) International Publication Date: 23 March 2000 (23.03.00) 



(21) International Application Number: PCT/US99/20736 

(22) International Filing Date: 10 September 1999 (10.09.99) 



(30) Priority Data: 

60/099,719 
09/369,061 



1 0 September 1 998 ( 1 0.09.98) US 
4 August 1999 (04.08.99) US 



(63) Related by Continuation (CON) or Continuation-in-Part 

(CIP) to Earlier Application 0Q/369 , 06l (CIP) 

Filed on 4 August 1999 (04.08.99) 

(71) Applicant (for all designated States except US): PERCARDIA, 

INC. [US/US]; 20 Trafalgar Square, Suite 434, Nashua, NH 
03063 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): WOLF, Scott, J . [US/US]; 
2501 Irvine Avenue South, Minneapolis, MN 55405 (US). 
WILK Peter, J. [US/US]; 185 West End Avenue, New 
York NY 10023 (US). PHELPS, David, Y. [US/US]; 904 
Shady Lane, Louisville, KY 40223 (US). 



(74) Agent: BOOKOFF, Leslie, I.; Finnegan, Henderson, Farabow, 
Garrett & Dunner, L.L.P., 1300 1 Street, N.W., Washington, 
DC 20005-33 15 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, 
MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, SD, 
SE, SG, SI, SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, 
VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, 
SD,' SL, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, 
KZ, MD, RU, TJ, TM), European patent (AT, BE, CH, CY, 
DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, 
ML, MR, NE, SN, TD, TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: TRANSMYOCARDIAL SHUNT 

(57) Abstract 

Disclosed is a conduit that pro- 
vides a bypass around an occlusion 
or stenosis in a coronary artery. The 
conduit is a tube adapted to be posi- 
tioned in the heart wall to provide a 
passage for blood to flow between a 
heart chamber and a coronary artery, at 
a site distal to the occlusion or stenosis. 
The conduit has a section of blood ves- 
sel attached to its interior lumen which 
preferably includes at least one nat- 
urally occurring one-way valve posi- 
tioned therein. The valve prevents the 
backftow of blood from the coronary 
artery into the heart chamber. 
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TRANSMYOCARDIAL SHUNT 

Field of the Invention 

This invention relates to conduits that allow communication of fluids from 
one portion of a patient's body to another; and, more particularly, to a blood flow 
5 conduit to allow communication from a heart chamber to a vessel or vice versa, 

and/or vessel to vessel. Even more particularly, the invention relates to a left 
ventricular conduit and related conduit configurations having a blood vessel graft 
incorporated therein for controlling the flow of blood through the conduit to achieve 
bypass of an occluded or stenosed coronary artery. 
10 Background nf the Invention 

Coronary artery disease is a major problem in the U.S. and throughout the 
world. Coronary arteries as well as other blood vessels frequently become clogged 
with plaque which, at the very least, can reduce blood and oxygen flow to the heart 
muscle (myocardium), and may impair the efficiency of the heart's pumping action, 
15 and can lead to heart attack (myocardial infarction) and death. In some cases, these 
coronary arteries can be unblocked through noninvasive techniques such as balloon 
angioplasty. In more difficult cases, a surgical bypass of the blocked vessel is 
necessary. 

In a coronary bypass operation, one or more venous segments are inserted 
20 between the aorta and the coronary artery, or, alternatively, the distal end of an internal 
mammary artery is anastomosed to the coronary artery at a site distal to the stenosis or 
occlusion. The inserted venous segments or transplants act as a bypass of the blocked 
portion of the coronary artery and thus provide for a free or unobstructed flow of blood 
to the heart. More than 500,000 bypass procedures are performed in the U.S. every 
25 year. 

Such coronary artery bypass graft (CABG) surgery, however, is a very 
intrusive procedure which is expensive, time-consuming, and traumatic to the patient. 
The operation requires an incision through the patient's sternum (sternotomy), and that 
the patient be placed on a heart-lung bypass pump so that the heart can be operated on 
30 while not beating. A saphenous vein graft is harvested from the patient's leg, another 
highly invasive procedure, and a delicate surgical procedure is required to piece the 
bypass graft to the coronary artery (anastomosis). Hospital stays subsequent to the 
surgery and convalescence are prolonged. Furthermore, many patients are poor 
surgical candidates due to other concomitant illnesses. 
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As mentioned above, another conventional treatment is percutaneous 
transluminal coronary angioplasty (PICA) or other types of angioplasty. However, 
such vascular treatments are not always indicated due to the type or location of the 
blockage or stenosis, or due to the risk of emboli. 

Thus, there is a need for an improved coronary bypass system which is less 

traumatic to the patient. 

Summary of the Invention 

The present invention addresses the need in the previous technology by 
providing a coronary bypass system which avoids a sternotomy and other intrusive 
aspects associated with coronary bypass surgery. It also frees the surgeon from 
having to perform multiple anastomoses, as is necessary in the current process. 

The present device provides a conduit for diverting blood directly from a 
heart chamber, such as the left ventricle of the heart, to the coronary artery distal to 
the blockage or ^stenosis, thereby bypassing the blocked portion of the vessel. The 
conduit comprises a tube adapted to be positioned in the heart wall and having a 
section of blood vessel attached to the interior of the conduit, to provide a passage 
for blood flow which is similar to the body's own blood vessels. 

The conduit device is delivered through the coronary artery to a position 
distal the blockage or stenosis. At that position, the coronary artery and the wall of 
the left ventricle, including the myocardium, are pierced to provide an opening or 
channel completely through from the coronary artery to the left ventricle of the 
heart. The conduit is then positioned in the opening to provide a permanent passage 
for blood to flow between the left ventricle of the heart and the coronary artery, 
distal to the blockage or stenosis. 

The conduit is sized so that one open end is positioned within the coronary 
artery, while the other open end is positioned in the left ventricle. Prior to 
implantation of the conduit, a section of vein or other blood vessel is obtained from 
the patient, from another human donor, or from a nonhiiman animal. The vein or 
other blood vessel is sized so as to fit within the interior of the conduit. The hollow 
lumen of the conduit with the blood vessel graft inserted therein provides a passage 

for the flow of blood. 

If desired, the section of blood vessel inserted into the conduit may include 
one or more naturally occurring one-way valves. The valve prevents the backflow 
of blood from the myocardium into the left ventricle. For example, a section of vein 
having a valve therein can be used. Alternatively, the pulmonic valve or aortic valve 
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obtained from a nonhuman animal, such as a fetal pig or piglet, can be used to 
provide a one-way passage for the flow of blood through the conduit. 

Brief Description of the Drawings 
FIGURE 1A is a schematic, cross-sectional view of a human heart, showing 
a conduit in the myocardium of the heart for forming a bypass between the left 

ventricle and a coronary artery; 

FIGURE IB is an enlarged view of the bypass conduit of FIGURE 1A; 

FIGURE 2 is an exploded view of a vein graft incorporated into a heart 
conduit in accordance with the preferred arrangement; 

FIGURE 3 is a close-up, cross-sectional view of a blockage or stenosis in 
the coronary artery, illustrating the conduit of the preferred arrangement positioned 
so as to bypass the blockage or stenosis. 

Detailed Description of the Preferred E mbodiment 

As is well known, the coronary artery branches off the aorta and is 
positioned along the external surface of the heart wail. Oxygenated blood that has 
returned from the lungs to the heart then flows from the heart to the aorta. Some 
blood in the aorta flows into the coronary arteries, and the remainder of blood in the 
aorta flows on to the rest of the body. The coronary arteries are the primary blood 
supply to the heart muscle and are thus critical to life. In some individuals, 
atherosclerotic plaque, aggregated platelets, and/or thrombi build up within the 
coronary artery, blocking the free flow of blood and causing complications ranging 
from mild angina to heart attack and death. The presence of coronary vasospasm, 
also known as "variant angina" or "Prinzmetal's angina," compounds this problem 
in many patients. 

As used herein, the term "heart chamber" primarily refers to the interior, or 
lumenal, aspect of the left or right ventricle or the left or right atrium. The term 
"conduit," "stent," and "tube" herein refer to physical structures, preferably 
primarily artificial, that can be positioned between two or more chambers or vessels, 
to allow blood flow from one chamber or vessel to another. A "shunt" is any natural 
or artificial passage between natural channels, such as heart chambers or blood 
vessels. The conduit in the preferred arrangement can be made of a variety of 
materials, including various metals, such as nitinol, or plastics. 

As used herein, the term "heart wall" comprises any one or more of the 
following portions or layers of the mammalian heart: the epicardium, myocardium, 
endocardium, pericardium, interatrial septum, and interventricular septum. 
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The principles of the present invention are not limited to left ventricular 
conduits, and include conduits for communicating bodily fluids from any space 
within a patient to another space within a patient, including any mammal. 
Furthermore, such fluid communication through the conduits is not limited to any 
particular direction of flow and can be antegrade or retrograde with respect to the 
normal flow of fluid. Moreover, the conduits may communicate between a bodily 
space and a vessel or from one vessel to another vessel (such as an artery to a vein or 
vice versa). Moreover, the conduits can reside in a single bodily space so as to 
communicate fluids from one portion of the space to another. For example, the 
conduits can be used to achieve a bypass within a single vessel, such as 
communicating blood from a proximal portion of an occluded coronary artery to a 
more distal portion of that same coronary artery. 

In addition, the conduits and related methods can preferably traverse various 
intermediate destinations and are not limited to any particular flow sequence. For 
example, in one preferred embodiment of the present invention, the conduit 
communicates from the left ventricle or other heart chamber or coronary vessel, 
through the myocardium, into the pericardial space, and then into the coronary 
artery. However, other preferred embodiments are disclosed, including direct 
transmyocardial communication from a left ventricle, through the myocardium and 
into the coronary artery. Thus, as emphasized above, the term "transmyocardial" 
should not be narrowly construed in connection with the preferred fluid 
communication conduits, and other nonmyocardial and even noncardiac fluid 
communication are preferred as well. With respect to the walls of the heart (and 
more specifically the term "heart wall"), the preferred conduits and related methods 
are capable of fluid communication through all such walls including, without 
limitation, the pericardium, epicardium, myocardium, endocardium, septum, etc. 

The bypass which is achieved with certain preferred embodiments and 
related methods is not limited to a complete bypass of bodily fluid flow, but can also 
include a partial bypass which advantageously supplements the normal bodily blood 
flow. Moreover, the obstructions that are bypassed may be of a partial or complete 
nature, and therefore the terminology "bypass" or "occlusion" should not be 
construed to be limited to a complete bypass or a complete occlusion but can include 
partial bypass and partial occlusion as described. 

The preferred conduits and related methods disclosed herein can also provide 
complete passages or partial passages through bodily tissues. In this regard, the 
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conduits can comprise stents, shunts, or the like, and therefore provide a passageway 
or opening for bodily fluid such as blood. Moreover, the conduits are not 
necessarily stented or lined with a device but can comprise mere tunnels or openings 

formed in the tissues of the patient. 

The conduits of the present invention preferably comprise both integral or 
one-piece conduits as well as plural sections joined together to form a continuous 
conduit. The present conduits can be deployed in a variety of methods consistent 
with sound medical practice including vascular or surgical deliveries, including 
minimally invasive techniques. For example, various preferred embodiments of 
delivery rods and associated methods are disclosed. In one embodiment, the 
delivery rod is solid and trocar-like. It may be rigid or semi-rigid and capable of 
penetrating the tissues of the patient and thereby form the conduit, in whole or in 
part, for purposes of fluid communication. In other preferred embodiments, the 
delivery rods may be hollow so as to form the conduits themselves (e.g., the 
conduits are preferably self-implanting or self-inserting) or have a conduit mounted 
thereon (e.g., the delivery rod is preferably withdrawn leaving the conduit installed). 
Thus, the preferred conduit device and method for installation is preferably 
determined by appropriate patient indications in accordance with sound medical 
practices. 

In order to restore the flow of oxygenated blood through the coronary artery, 
the preferred arrangement provides for the shunting of blood direcdy from the heart 
to a site in the coronary artery which is distal the blockage or stenosis. 

Although the specification herein will describe the conduit primarily with 
reference to the left ventricle, the preferred arrangement can be used with any of the 
four heart chambers, and with any coronary artery, including the left main coronary 
artery, the right coronary artery, the left anterior descending artery, the left 
circumflex artery, the posterior descending artery, the obtuse marginal branch or a 
diagonal branch. 

A tunnel or opening is formed through the wall of the coronary artery and the 
myocardium and into the left ventricle of the heart which lies beneath, or deep to, 
the coronary artery. A conduit is positioned in the opening to keep it open. 

The conduit may be introduced into the myocardium in a variety of ways, 
including by a catheter threaded through the femoral artery into the aorta and thence 
into the left ventricle and, if necessary, the left atrium; or by a catheter threaded 
through the femoral vein into the inferior vena cava and thence into the right atrium 
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and right ventricle. Alternatively, the conduit may be introduced through a surgical 
incision in chest wall (thoracotomy) or sternum (sternotomy). 

Further details regarding conduits and conduit delivery systems are described in 
U S. Patent Nos. 5,429,144 and 5,662,124. 
5 The opening through the heart wall (including endocardium, myocardium, 

and epicardium) and coronary artery can be formed in a variety of ways, including 
by knife or scalpel, electrocautery, cryoablation, radiofrequency ablation, ultrasonic 
ablation, and the like. Other methods will be apparent to those of ordinary skill in 
the art. 

10 The conduit is provided with a section of vein or other blood vessel 

positioned within its interior lumen. The section of vein or other blood vessel is 
obtained from the patient, from a donor, or from an animal. Prior to implantation of 
the conduit, a segment of blood vessel sized to fit with the lumen of the conduit is 
inserted into the conduit. The conduit with the graft therein provides a passage for 
1 5 the flow of blood which is similar to the natural human blood vessels. The segment 
of vein or other blood vessel harvested to fit within the conduit may include one or 
more of the valves which naturally occur in the human body. These valves act to 
prevent the backflow of blood. In the conduit, these naturally occurring venous 
valves prevent the blood from flowing back into the left ventricle of the heart from 
20 the coronary artery. The segment of vein is preferably inserted into the conduit prior 
to the conduit's deployment into the human body by any of various surgical or 
catheter-guided techniques known to those of skill in the art. 

Referring now to FIGURES 1A and IB, a coronary artery bypass is 
accomplished by disposing a conduit 12 (FIGURE IB) in a heart wall or myocardium 
25 MYO of a patient's heart PH (FIGURE 1A). The conduit 12 preferably extends from 
the left ventricle LV of heart PH to a clogged coronary artery CA at a point 
downstream of a blockage BL to create a passageway 8 therethrough. Conduit 12 is 
preferably made of a biocompatible material such as stainless steel or nitihol, although 
other materials such as Ti, Ti alloys, Ni alloys, Co alloys and biocompatible polymers 
30 may also be used. In one embodiment, conduit 12 has a one way valve 6 to allow 
blood to flow from the left ventricle LV to the coronary artery CA. Although the 
conduit 12 may elastically deform under the contractive pressure of the heart muscle 
during systole, the stent remains open to allow blood to pass from the patient's left 
ventricle LV into the coronary artery CA. During diastole, the blood pumped into 



WO 00/15148 ? PCT/US99/20736 

coronary artery through passageway 8 is blocked by one-way valve 6 from returning to 
left ventricle LV. 

As shown in FIGURE 2, a preferred embodiment involves the use of a vein 
graft 10 taken from the patient. Prior to preparing the conduit 12 for placement in 
the patient, a section of vein 10 is obtained from the patient (i.e., an autologous graft 
or autograft). Of course, a blood vessel taken from another human donor (i.e., an 
allogeneic graft or allograft) or nonhuman animal species (i.e., a heterologous graft 
or xenograft) could also be used. The vein 10 is preferably taken from the 
saphenous vein in the leg of the patient. Alternatively, a donor vein could be used, 
or a fetal pig or piglet can be obtained and dissected to remove a section of the 
pulmonary artery having a pulmonic valve therein, or a section of the aorta having 
an aortic valve therein, or a similar vessel having a naturally occurring valve system. 
In other embodiments, the endothelial lining of a vein and/or a valve may be grown 
from one or more tissue cultures, utilizing cloning of donor cell lines or other 
genetic engineering techniques (or "tissue engineering") known to those of skill in 
the art. Thus, as used herein, "a section of blood vessel" may include one or more of 
the following: a surgically resected segment of a blood vessel, with or without one 
or more valves; the endothelial lining of a blood vessel, taken from an in vitro or in 
vivo specimen; and one or more venous valves, taken from in vitro or in vivo 
specimens. 

As noted above, the section of vein 10 or other blood vessel harvested 
preferably contains one or more valves 14, which occur naturally in the veins. The 
section of vein 10 may also not have a valve. The vein section 10 is sized so as to be 
the same length as the conduit 12, The vein section 10 is placed within the interior 
lumen of the conduit 12 and attached to the inside of the conduit 12 by suturing or 
other attachment methods. The natural vein graft 10 is biocompatible and therefore 
reduces problems associated with rejection of the conduit 12 and clotting around or 
in the conduit 12. In addition, the vein 10 provides a natural valve system 14 that is 
already used throughout the human body to prevent the backflow of blood. In the 
case of a xenograft, treatment of the graft with chemicals, such as glutaraldehyde, 
may be undertaken to remove living cells, including antigenic materials, from the 
connective tissue framework of the graft so as to reduce thrombogenicity and 
antigenicity. 

Referring now to FIGURE 3, a self-expanding conduit 12 having a section 
of vein 10 therein is introduced into the wall of the myocardium MYO as follows. 
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A conduit delivery catheter (not shown), having the compressed conduit 12 mounted 
on its distal end, is advanced over a puncture mechanism and into the wall of the 
myocardium MYO at a site distal to the blockage or stenosis BL in the coronary 
artery CA. When the conduit 12 is properly seated in the myocardial wall MYO, its 
retaining sheath is withdrawn, allowing the conduit 12 to expand and open a 
passageway, or maintain patency of the passageway, from the left ventricle of the 
heart LV to the coronary artery CA. This allows oxygenated blood to flow directly 
from the left ventricle of the heart LV through the conduit 12 and to the coronary 
artery CA, bypassing the section of coronary artery CA that is blocked BL, as shown 
by the arrows in FIGURE 3. 

The conduit 12 may include attachment mechanisms not limited to hooks, 
barbs, large collars, and/or other methods to ensure that a seal is created between the 
coronary artery C A and the wall of the heart wall MYO, to prevent hemorrhaging 
and to prevent the threat of or actual conduit migration. When positioning and 
securing of the conduit 12 is completed, the remaining catheter assembly is 
removed, leaving the conduit 12 with the vein graft therein, in place in the body 

The present vascular conduit having a blood vessel graft incorporated therein 
provides significant improvements in the present treatment of blockages or stenoses 
in the coronary artery. Although the invention has been described in its preferred 
embodiments in connection with the particular figures, it is not intended that this 
description should be limited in any way by the foregoing. 
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WHAT IS CI AIMED IS : 

1 . A coronary bypass conduit for implantation in a body of a patient 

comprising: 

a hollow tube having an interior and an exterior and adapted to be 
positioned in a heart wall between a coronary vessel and a heart chamber; 
and 

a section of a blood vessel positioned within said interior of said tube 
and adapted to allow blood to flow therethrough. 

2. The conduit of Claim 1, wherein the section of blood vessel contains 

at least one naturally occurring valve. 

3. The conduit of Claim 1, wherein the section of blood vessel contains 

at least one artificial valve. 

4. The conduit of Claim 1, wherein the blood vessel is a human vein. 

5. The conduit of Claim 1, wherein the section of blood vessel is an 

autograft. 

6. The conduit of Claim 1, wherein the section of blood vessel is an 
allograft. 

7. The conduit of Claim 1, wherein the section of blood vessel is a 
xenograft. 

8 The conduit of Claim 1, wherein the section of blood vessel is 

• * 

developed through tissue engineering techniques. 

9. The conduit of Claim 1, wherein said heart chamber is a left 

ventricle. 

10. The conduit of Claim 1, wherein said heart chamber is a right 
ventricle. 

1 1 The conduit of Claim 1 , wherein said heart chamber is a left atrium. 

1 2. The conduit of Claim 1 , wherein said heart chamber is a right atrium. 

13. The conduit of Claim 1, wherein said coronary vessel is a left 

anterior descending artery. 

14. The conduit of Claim 1, wherein said coronary vessel is a right 

coronary artery. 

1 5 The conduit of Claim 1 , wherein said coronary vessel is a circumflex 
coronary artery. 

16. The conduit of Claim 1, wherein said coronary vessel is a posterior 
descending artery. 
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17. A bypass conduit for implantation in a body of a patient comprising: 
a hollow tube having an interior and an exterior; and 
a section of blood vessel positioned within said interior of said tube 

and adapted to allow blood to flow therethrough. 
5 18. A coronary bypass conduit for implantation in a body of a patient 

comprising: 

a hollow tube having an interior and an exterior and adapted to be 
positioned in a heart wall between a coronary vessel and a heart chamber; 
and 

10 means for permitting blood to flow through said tube in 

predominantly one direction. 

19. The conduit of Claim 18, wherein the means for permitting blood to 
flow through said tube in predominantly one direction comprises a section of a 

blood vessel. 

1 5 20. The conduit of Claim 1 9, wherein said blood vessel comprises a vein. 

21. The conduit of Claim 19, wherein the section of blood vessel is an 
autograft. 

22. The conduit of Claim 19, wherein the section of blood vessel is an 
allograft. 

20 23. The conduit of Claim 19, wherein the section of blood vessel is a 

xenograft. 

24. The conduit of Claim 19, wherein the section of blood vessel is 
developed through tissue engineering techniques. 
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